Introduction
Lung cancer is the most common cause of tumor-related mortality in the world, especially in China. More than 85% of lung neoplasm is non-small cell lung cancer (NSCLC), and squamous cell carcinoma and adenocarcinoma are still the main subtypes. 1 So far, for patients with stage I-IIIa NSCLC, surgery might be the most effective treatment. However, about 75% of the NSCLC patients have advanced disease at their first visit. 2 The prognosis of the NSCLC patients is unsatisfactory, and the 5-year survival rate is about 15%. 3 The TNM staging system 4 is short of enough predictive value because significant differences in survival are often found in the identical TNM stage. Therefore, it is of great value to combine some biomark-
Patients and methods Patients
A total of 79 patients were enrolled in this study from the Department of Thoracic Surgery, Jinan Central Hospital, between January 2009 and December 2012. The inclusion criteria were as follows: 1) patients accepted radical operation and affirmed squamous cell carcinoma or adenocarcinoma by pathology; 2) patients were diagnosed with stage I-IIIa NSCLC, according to the TNM staging system summarized by the International Union Against Cancer (2009) 4 ; 3) patients accepted no presurgical chemotherapy or radiotherapy; and 4) patients had no seriously surgical contraindications. Large cell carcinoma and adenosquamous carcinoma were excluded because of too small sample sizes. Tables 1 and 2 show the clinicopathological features of the patients.
Tissue samples
We obtained NSCLC specimens from the 79 patients. Ten corresponding normal lung tissue samples that were randomly sampled from 10 of the 79 patients' paracancerous normal lung tissues (at least 2 cm away from cancer) were used as controls. Each specimen was divided into two parts. A minimal of 0.4 cm×0.4 cm×0.4 cm tissue specimen was wrapped in a foil quickly after being labeled and then snap frozen in liquid nitrogen for 1 minute and kept at −80°C for real-time PCR and Western blot analysis. The other tissue specimen was fixed in formalin and then embedded in paraffin for histopathological examination and immunohistochemistry.
Real-time PCR
The total RNA isolated from sample specimens was performed according to a previous study.
14 The first strand cDNA was synthesized using PrimeScript™ RT Master Mix (TaKaRa, Dalian, China). The sense and antisense primers were synthesized as follows: actin forward, 5′-CTGAAGTACCCCATCGAGCAC-3′ and reverse, 5′-ATAGCACAGCCTGGATAGCAAC-3′; KLF6-SV1 forward, 5′-GACCAAAATCATTCTGGCTCG-3′ and reverse, 5′-GATTCGCTGCTGACATCTGAGT-3′. Quantitative realtime PCR was carried out on an ABI 7500 PCR (Thermo Fisher Scientific, Waltham, MA, USA) system under the following conditions: an initial denaturation at 95°C for 30 seconds, followed by (95°C for 5 seconds and 60°C for 40 seconds)×40 cycles for the target gene. The fold change in gene expression was evaluated by the 2 -DDCt method.
Western blot
Western blot was performed according to the method described in a previous study. 15 In brief, the micrograms of the proteins from each sample were separated by SDS-PAGE and transferred to polyvinylidene difluoride membranes (EMD Millipore, Billerica, MA, USA). The membranes were blocked with 5% skim milk, incubated with primary mouse antibody against human KLF6-SV1 (1:500, Product 39-6900; Thermo Fisher Scientific) and mouse monoclonal β-actin antibody (1:5,000, Product TA-09; Zhongshanjinqiao, Beijing, China) overnight at 4°C and finally with Peroxidase-Conjugated Goat anti-Mouse IgG (1:5,000, Product ZB-2305; Zhongshanjinqiao). Immunoblotted proteins were visualized by enhanced chemiluminescence reagents, and the signals were detected by Alphaimager 2200 imaging system (Alphaimager, San Francisco, CA, USA) and Image J analysis software. The formula used to calculate the relative KLF6-SV1 expression was as follows: gray value (KLF6-SV1)/ gray value (β-actin).
immunohistochemistry
Immunohistochemistry staining for KLF6-SV1 was detected by the streptavidin-peroxidase (SP) method. 16 In brief, sample sections were incubated overnight at 4°C with primary mouse antibody against human KLF6-SV1 (1:120, Product 
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KlF6-sV1 and nsClC 39-6900; Thermo Fisher Scientific). A secondary antibody was then added using the horseradish peroxidase (HRP)-Sp9002 System (SPlink Detection Kits, Biotin-Streptavidin HRP Detection Systems; Zhongshanjinqiao) according to the manufacturer's instructions. KLF6-SV1 expression levels were measured using a semiquantitative immunoreactivity scoring system (IRS) as described previously. 16 The cases were grouped as low expression (IRS 0-6) and high expression (IRS 7-12), respectively. Five randomly chosen microscopic fields were examined at high magnification (200×) under a light microscope.
statistical analyses
Enumeration data were analyzed using the chi-squared test or Fisher's exact probability test. Measurement data were 
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Zhang et al mortality due to the tumor were included in the prognostic analysis.
ethics statement
The study was approved by Jinan Central Hospital Affiliated to Shandong University (Jinan, People's Republic of China). Written informed consent was obtained from all the 79 patients. 
Results

Real-time-PCR
KLF6-SV1 mRNA expression was detected in all the patients by the real-time PCR. The expression of KLF6-SV1 mRNA in the tumor region was significantly higher than that in the paracancerous region corresponding to the normal lung tissues (t, t′ 3.970; P=0.001) ( Table 3 ). As shown in Table 1 
Western blot
KLF6-SV1 protein expression was detected in all the patients by Western blot. The expression of KLF6-SV1 protein in the tumor region was significantly higher than that in the paracancerous region corresponding to normal lung tissues (t, t′ 3.978, P=0.001) ( Table 3 ). As shown in Table 1 (Figure 1 ). immunohistochemistry KLF6-SV1 protein expression in all the patients was also detected by immunohistochemistry. The positive KLF6-SV1 protein expression was mainly located in the cytoplasm ( Figure 2) . Moreover, the high protein expression of KLF6-SV1 in the tumor region was significantly higher than that in the paracancerous region corresponding to normal lung tissues (57.0% vs 0.0%, P=0.001) ( Table 3) . Table 2 (Figure 3 and Table 4 ). Cox multivariate regression demonstrated that differentiation, pN and KLF6-SV1 expression were independent factors for the 5-year survival rate (Table 5) .
Discussion
Up to now, KLF6-SV1, KLF6-SV2 and KLF6-SV3 have been identified as three alternatively spliced KLF6 isoforms. 17 Debouki-Joudi et al 18 used quantitative reverse transcription PCR to detect wild-type transcript KLF6 (wtKLF6) and the spliced variants (KLF6-SV1, KLF6-SV2 and KLF6-SV3) at the mRNA level in a total of 50 nasopharyngeal carcinoma patients, and they demonstrated that the level of wtKLF6 was significantly lower in tumors than in normal tissues (P=0.0015). The spliced variants KLF6-SV1 and KLF6-SV2 were significantly overexpressed than the wtKLF6 in tumor cases (P<0.0001 and P=0.02215, respectively), whereas no difference was seen between wtKLF6 and KLF6-SV3 (P=0.4928). Moreover, they also found that KLF6-SV1 was 
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Zhang et al significantly higher in young patients than in adult patients (P=0.0003). Zhang et al 19 used qRT-PCR to detect wtKLF6, KLF6-SV1, KLF6-SV2 and KLF6-SV3 at the mRNA level in a total of 60 colorectal cancer (CRC) patients and found that the splice variants represented 1.5%-15.9% compared with wt KLF6, and SV1 mRNA expression was higher than SV2 and SV3 mRNA expression. The total, wild type, SV2 and SV3 of KLF6 were decreased except for SV1 expression increased in CRC samples. These studies show that KLF6-SV1 takes an important function in some cancers. KLF6-SV1 is also observed to be overexpressed in head and neck cancers and breast malignant tumor and was correlated with metastatic potential and with poor survival. 20, 21 Furthermore, in ovarian and prostate cancer models, KLF6-SV1 is found to antagonize tumor suppressor function of KLF6 and can promote tumor growth and progression. 12, 22 It is also found that in vitro, siRNA-mediated downregulation of KLF6-SV1 could decrease the tumor growth. The role of KLF6-SV1 in lung cancer remains largely unknown. Only two papers have been found in PubMed to show the role of KLF6-SV1 in lung adenocarcinoma. DiFeo et al 23 used PCR to detect KLF6-SV1 expression at the mRNA level in a total of 70 lung adenocarcinoma patients and they demonstrated that KLF6-SV1 mRNA was overexpressed in lung adenocarcinoma and was correlated with poor survival in adenocarcinoma patients. Sangodkar et al 24 reported that high KLF6-SV1expression was found in chemoresistant adenocarcinoma cancer cells in vitro both at mRNA and protein levels. Through induction of apoptosis, siRNA-mediated downregulation of KLF6-SV1 could restore chemotherapy sensitivity to lung adenocarcinoma cells. Their data also showed that KLF6-SV1 overexpression could lead to reduced chemotherapy sensitivity in lung adenocarcinoma cells.
A total of 79 NSCLC patients were enrolled in this study. All the patients underwent complete resection. The KLF6-SV1 expression was detected both by real-time PCR at the mRNA level and Western blot and immunohistochemistry at the protein level. Moreover, KLF6-SV1 expression was quantified by both qualitative and quantitative analyses at the protein level. Our results showed that high expression of KLF6-SV1 in the tumor region was significantly higher than that in the paracancerous region corresponding to normal lung tissues. The high expression of KLF6-SV1 was correlated with pN and pTNM stage. The expression of KLF6-SV1 in the adenocarcinoma group was significantly higher than that in the squamous cell carcinoma group. Our data showed that the 5-year survival rate of NSCLC patients was 40.5%, and it was significantly associated with the degree of differentiation, pN, pTNM stage and the KLF6-SV1 expression. To eliminate the impact of mixed factors on statistical analysis, we used multivariate analysis to determine prognostic factors, and the result showed that pN and high expression of KLF6-SV1 were relevant independent factors for a poor prognosis. Our data demonstrated that the high expression 
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KlF6-sV1 and nsClC of KLF6-SV1 was correlated with metastatic potential and with poor survival in the NSCLC patients.
In China, the indications for treatment not only depend on doctors' preferences but also on patients' willingness and economic status. In this study, 61 patients received postoperative chemotherapy, 31 patients received postoperative radiotherapy and 28 patients received EGFR-TKI therapy. However, neither univariate nor multivariate analysis showed statistically significant correlations with postoperative chemotherapy, radiotherapy and EGFR-TKI therapy on the 5-year survival rate. This study is based on the limited number of patients from our hospital, and we will further validate our conclusion by exploring more patients at multiple hospitals.
Conclusion
KLF6-SV1 expression in adenocarcinoma was significantly higher than that in the squamous cell carcinoma, and the high expression of KLF6-SV1 was significantly associated with pN and pTNM stage and poor survival in NSCLC patients. Our data suggest that KLF6-SV1 can potentially be a good biomarker for NSCLC, and the targeted reduction of KLF6-SV1 might represent a novel therapeutic strategy for NSCLC treatment. 
